,16-eicosatetraenoic acid was isolated from a highly unpalatable brown alga Turbinaria ornata as a feeding deterrent for another herbivorous gastropod Omphalius pfeifferi. The compound was confirmed to be a feeding inhibitor for the herbivorous green snail Turbo marumoratus found in the subtropical sea, as well.
The green snail Turbo marumoratus ("Yakogai" in Japanese) is an important marine resource used as a material in traditional shell art works ("Raden" in Japanese) in Okinawa prefecture. Successful seedling pro duction of the snail T. marumoratus has been recently developed in Okinawa prefecture.1) Knowledge of suitable food algae for both the juvenile and young snails is very important not only in seedling production, but also in the selection of marine ranching grounds. One member of our group (E.T.) observed that T. marumoratus preferred to feed on such particular species of red algae as Euchenma gelalinae, Digena simplex, and Hypnea pannosa,2) while they rarely fed on brown and green algae.
We have already confirmed the presence of feeding stimulants in palatable red algae and isolatedtwoglycero -lipids,digalactosyldiacylglycerol (DGDG) and sulfoqui novosyldiacylglycerol (SQDG), from the red alga Hypnea pannosa as potent feeding stimulants for the snail T. marumoratus.*** It is well known that these glycerolipids are potent feeding stimulants for not only herbivorous gastropods such as Haliotis discus, Turbo cornutus, Ompha lius pfeifferi, and Aplysia spp. but also the sea urchin Strongylocentrotus intermedius.31 These glycerolipids occur widely as cell wall constituents in the plant kingdom. We actually observed that considerable amounts of DGDG were present in an unpalatable alga from which potent feeding-inhibitors were isolated and identified.4) The feeding preferences shown by marine herbivores have been sug gested to be reasonably rationalized not only by the toughness of the algal surface, but also by the utilization of secondary metabolites of chemical defence of algae against herbivores. [5] [6] [7] [8] [9] In this third paper of our series of chemical studies on algal feeding inhibitors for marine herbivores, we wish to describe the isolation and identification of a feeding inhibitor from the brown alga Turbinaria ornata ("Rappa moku" in Japanese), which is rarely eaten by the green snail T. marumoratus through application of the feeding inhibitor assay method using Avicel plates.10)
Materials and Methods
Assay Method for Feeding Inhibitory Activity The brown alga T. ornata was also found to be unpalatable for the top shell Omphalius pfeifferi, another herbivorous gastropod, in a test aquarium. Therefore, the isolation of the feeding inhibitors in the brown alga was guided by the assay procedure previously reported") using O. pfeifferi.
Feeding inhibitory activity of some fractions and the isolated compound was confirmed with the bioassay using 20 green snails Turbo marumoratus (shell height, 19-21 mm) with a slight modification of the assay procedure.10J The snails prefer to climb up the side wall of the assay compartment, and the compartment was modified to have slopes on both sides on which test Avicel plates were set as shown in Fig. 1 . Bioassay and evaluation of the activity were conducted as previously reported.10)
Isolation of a Feeding Inhibitor [Compound A (1)] from the Brown Alga T. ornata
The air-dried alga (550 g) collected in Kabira Bay, Okinawa Prefecture, was extracted with 95% MeOH at room temperature. The extract was concentrated and partitioned between EtOAc and H20. The EtOAc layer was concentrated and subjected to silica gel column chromatography (hexane-EtOAc; hexane-CHC13-McOH). According to TLC analysis [silica gel GF254 (Merck); CHCl3 -McOH=9: 1], fractions were combined into five fractions (Frs. A-E). Each fraction was subjected to the feeding-inhibitor assay using O. pfeifferi at a dose equivalent to 390 mg of the air-dried alga. Chromatographic purification of one of the most active fractions (Fr. C) on the silica gel (CHC13-acetone) yielded an active principle [compound A (1) Compound C (4) An excess amount of LiALH4 was added into an anhydrous ethereal solution of compound B (3, 3 mg) . After a usual preparation, the reaction product was purified by silica gel column chromatography (hexane-EtOAc) to give 3mg of compound C (4) 
Results and Discussion
The air-dried alga (550g) of Turbinaria ornata was extracted with methanol. The extract was concentrated and partitioned between ethyl acetate and water. The ethyl acetate layer was also found to be unpalatable for the herbivorous gastropod Omphalius pfeferi in a feeding stimulant assay,'] indicating that the extract contains feeding inhibitor(s) against the gastropod. Therefore, the isolation of the algal feeding inhibitor(s) was guided by the feeding inhibitor assay10) using 0. pfeifferi which is more easily kept in a test aquarium at lower temperature than in the case of the green snail T. marumoratus which comes from subtropical seas.
The ethyl acetate layer was subjected to silica gel column chromatography (hexane-EtOAc; hexane-CHCL3-MeOH). Further chromatographic purification of the active fraction on silica gel (CHCL3-acetone) yielded 14 mg of an active principle [compound A (1) indicating together with the above observation that 1 is an acyclic carboxylic acid with four isolated trisubstituted double bonds. The chemical shifts (S 15.8-16.0) of the four vinyl methyl groups are diagnostic for those on E-trisub stituted double bonds in acyclic compounds.11) Further structural information was not obtained because of poor separation of the signals in the 'H-NMR spectrum. So 1 was derived using diazomethane and p-chlorobenzoyl chloride to give compound B (3, C32H4504CL).
1 H-1H COSY measurement of 3 in benzene-d6 clarified a frame structure composed of four isoprene units (Fig. 3) . Treatment of 3 with LiALH4 gave compound C (4). The 'H -NMR spectrum of 4 clearly showed that 4 is symmetrical, supporting that the structure of compound A (1) is as shown.
From its structure, 1 is supposed to be biosynthetically produced by oxidative cleavage of both terminal double bonds of squalene, followed by reduction (Fig. 4) . Com pound A (1), 20-hydroxy-4,8,13,17-tetramethyl-4,8,12,16-eicosatetraenoic acid, is, to our knowledge, a new com pound, and a new member of algal feeding inhibitors. All algal feeding inhibitors isolated so far are cyclic compounds. [4] [5] [6] [7] [8] [9] [10] 12) It is quite important to clarify these feeding inhibitors not only to understand the dietary value of each alga for culturing and stock rising of these important herbivores in fisheries, but also to understand marine ecology from the point of view of future marine innovation.
